Peripheral neuropathy is a major adverse event associated with oxaliplatin-based chemotherapy and is a major dose-limiting adverse event in clinical practice. However, some patients treated with oxaliplatin may show no or minimal peripheral neuropathy. These differences are still poorly understood. The data on patients with colorectal cancer who received oxaliplatin-based regimens between January 2005 and June 2010 at South Miyagi Medical Center were retrospectively retrieved from the medical records. We selected 51 patients, and factor analysis was performed. The serum chlorine (Cl) level at baseline was significantly higher in patients with a high frequency of peripheral neuropathy (106; range 104 -107 vs. 104; range 101 -104 mEq/L, p = 0.02). Principal component analysis showed the variables Cl, body mass index, status of liver metastasis, and status of lymph node metastasis were related to the incidence of peripheral neuropathy. Discriminant analysis showed the model had predicted 72.5% of peripheral neuropathy. An understanding of the patient's characteristics could be useful for preventing or predicting oxaliplatin-induced peripheral neuropathy.
Introduction
Currently, colorectal cancer treatment is performed by surgery/endoscope treatment and chemotherapy. After chemotherapy with fluorouracil (5-FU) was first developed in 1957, 5-FU with a folic acid/leucovorin (LV) regimen based on a concept of biochemical modulation was used as standard therapy. Prolonged survival was achieved using combination therapies with folic acid, 5-FU and oxaliplatin (FOLFOX) or with folic acid, 5-FU and irinotecan (FOLFIRI) regimens. The efficacy against colorectal cancer has been enhanced by the development of molecular-targeted drugs such as bevacizumab, cetuximab and panitumumab [1] [2] [3] [4] [5] .
Oxaliplatin [6] , a third-generation platinum agent, is a key drug in the chemotherapy treatment of colorectal cancer. Many clinical trials with FOLFOX and XELOX (in combination with capecitabine and oxaliplatin) regimens have been shown to be useful. The National Comprehensive Cancer Network (NCCN) guidelines currently recommend FOLFOX and XELOX ± bevacizumab regimens as first-line therapy for colorectal cancer (http:// www.nccn.org).
According to the Food and Drug Administration (FDA) report and numerous clinical trials [1] [2] [3] [4] [5] 7] , however, oxaliplatin frequently induces characteristic patterns of peripheral neurotoxicity in the form of two distinct types [8] . The transient acute and cold-induced peripheral neuropathy experienced during administration or immediately after the administration of oxaliplatin is always reversible without persistent impairment of sensory nerve function, and this effect does not require the discontinuation of chemotherapy. However, when treatment is continued, the extent of the symptoms can increase, and their duration can be prolonged to the extent of becoming permanent. Chronic peripheral neuropathy, which is characterized by the loss of sensory and motor dysfunction after long-term treatment with oxaliplatin, is a major dose-limiting symptom. Although various neuromodulatory agents such as calcium-magnesium infusions [9, 10] , α-lipoic acid [11] , venlafaxine [12, 13] , amifostine [14] , glutathione [15] , glutamine [16] , carbamazepine [17] , gabapentin [18] and pregabalin have been proposed to prevent or treat oxaliplatin-induced peripheral neuropathy, randomized trials demonstrating a therapeutic effect on oxaliplatin-induced peripheral nephropathy are lacking; additionally, the effectiveness of these agents is still obscure [19, 20] . As indicated in the OPTIMOX study, the stop-and-go concept with intermittent administration of oxaliplatin to reverse oxaliplatin-induced neurotoxicity could be considered of value [21] . The predictability of oxaliplatin-induced peripheral neuropathy should not only allow medical staff to manage this adverse event but also improve the quality of life. Therefore, we investigated the predictive factors associated with the incidence and frequency of oxaliplatin-induced peripheral neuropathy.
Materials and Methods

Patients
This study was carried out as a retrospective analysis of 77 patients who had been treated with FOLFOX4 [2, 22] , mFOLFOX6 [23] or mFOLFOX6 plus bevacizumab at the South Miyagi Medical Center between January 2005 and June 2010. The clinical characteristics at baseline and any adverse events were determined from the electronic medical records or paper medical records. Adverse events (peripheral neuropathy, stomatitis, fatigue, anorexia, nausea, vomiting, diarrhea and constipation) were evaluated and recorded according to the guidelines of the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 (NCI-CTCAE). Patients who received less than 4 courses of treatment, patients with missing data, or patients who were scheduled for the "Stop and Go strategy" therapy were excluded. The final study included 51 patients. Patients were categorized into two groups according to the frequency of peripheral neuropathy: the high-frequency group (high PN) or the lowfrequency group (low PN). In this study, the frequency of peripheral neuropathy was defined as the value of the total expression of peripheral neuropathy during treatment divided by the total number of treatment courses. The median of the frequency of peripheral neuropathy was 0.40 (N = 51). Patients were equally divided by this median (0.40) into the high PN (median 0.60, 0.45 -0.71, N = 27) and the low PN (median 0.19, 0.03 -0.25, N = 24) groups. The study design was reviewed by a local ethics committee for research involving human subjects at the Graduate School of Pharmaceutical Sciences, Tohoku University and South Miyagi Medical Center.
Data Analysis
Information on gender; age; height; weight; body mass index (BMI); body surface area (BSA); type of cancer (rectum/colon/other); metastases (lung/liver/lymph node); surgical history; cancer chemotherapy history; radiotherapy history; chemotherapy regimen (mFOLFOX6/ mFOLFOX6 + bebacizmab/FOLFOX4); oxaliplatin dose per course; number of cycles of chemotherapy that the patient received; laboratory tests (total bilirubin (T.Bil), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (γ-GTP), blood urea nitrogen (BUN), serum creatinine (SCr), Na, K, Cl); and use of medication (antihypertensive, reninangiotensin system inhibitor, Ca antagonist, narcoleptic, anti-microbial, anti-diabetic, anti-hyperlipidemic, laxative, prokinetic, nonsteroidal anti-inflammatory drugs (NSAIDs), anti-diarrheal, anti-peptic ulcer, anti-psychotropic, hematinic, narcotic, and anti-flatulent agent) was obtained from the medical records. Variables were compared using the χ 2 -test, Fisher's exact test and the Wilcoxon rank-sum test. For multivariate analysis, a princepal component analysis (PCA) and discriminant analysis were applied, and predictive model equations were estimated. The level of statistical significance was set at P < 0.05. All statistical analyses were performed using PASW software version 17 (SPSS Japan Inc., Tokyo, Japan).
Results
Frequency Distribution of Adverse Events
The frequency distribution of adverse events is shown in Table 1 . The maximum grade in all courses is presented as the grade for each patient. The incidence of adverse events was 88.2% for peripheral neuropathy, 49.0% for anorexia and 41.2% for nausea. Table 2 shows the patient characteristics after patients were categorized to a high-frequency group of peripheral neuropathy (N = 27) and a low-frequency group of peripheral neuropathy (N = 24). Sex, age, BSA, type of cancer, metastatic status, past treatment history, type of regimen and the dose of oxaliplatin were not signifycantly different. The number of cycles of chemotherapy was significantly different (P = 0.002). Table 3 shows the patient characteristics with respect to their laboratory tests at baseline. The serum chlorine (Cl) level of the high-PN group was approximately 2 mEq/L higher than that of the low PN group (P = 0.02). Other electrolytes and laboratory data were not significantly different. Table 4 shows the use of medication at baseline, and there was no significant difference between the low PN and the high PN groups. 
Laboratory Tests and Medications
Factor Analysis for Predicting Peripheral Neuropathy
To identify the predicting factors from observed variables, PCA was performed using the method of factor extraction with PASW software. The variables Na, ALT and BSA were excluded because they overlapped with Cl, AST and oxaliplatin dose per course, respectively. Then, these variables were subjected to PCA. PCA revealed the presence of 15 components with eigenvalue exceeding 1, explaining 81.1% of the variance. To simplify the item structure, varimax rotation was used following principal components factor extraction. Table 6 (Table 5 and Table 6 ). That is, it was suggested that variables such as Cl level and narcotic agent might be related to the incidence of peripheral neuropathy. Increase BMI, liver metastasis and lymph node metastasis were also related to the incidence of peripheral neuropathy because each loading value was above 0.3. The positive factors for the incidence of peripheral neuropathy were serum Cl level, liver metastasis and lymph node metastasis. The use of a narcotic agent and BMI were negative factors.
Discriminant Analysis of the Model Used to Predict Peripheral Neuropathy
To build a predictive model for the group with a high frequency of peripheral neuropathy, the linear discriminant analysis was performed. Two models were generated for the integer-valued grouping variable of whether peripheral neuropathy appeared. 
Model equation A had a 60.9% prediction rate in classifying the presence of peripheral neuropathy. Model equation B had a 76.4% prediction rate. After the crossvalidation, the rate of prediction success was 72.5%.
Discussion
The primary purpose of this study was to investigate the predictive factors associated with the incidence of oxaliplatin-induced peripheral neuropathy, which is a major adverse event of oxaliplatin-base chemotherapy and is the most frequent dose-limiting toxicity in clinical practice. Peripheral sensory neuropathy is characterized by dysesthesia and/or distal paresthesia (fingers, toes and, less frequently, the peri-oral region and pharyngo-laryngeal tract), and induced or exacerbated cold. However, some patients treated with oxaliplatin show no or minimal peripheral neuropathy. These differences are poorly understood. In this study, 51 patients treated with the oxaliplatin-based regimen were retrospectively analyzed, and peripheral neuropathy was observed in 45 patients (88.2%): 17 with grade 1 (33.1%), 23 with grade 2 (45.1%) and 5 with grade 3 (9.8%). Six patients did not complain of peripheral neuropathy. According to the frequency of peripheral neuropathy, patients were divided to two groups: high-frequency and low-frequency peripheral neuropathy. In the high PN group, serum Cl level at baseline, and the total number of chemotherapy cycles were identified as predictive factors. However, the total number of chemotherapy cycles was not used because it was the variable used for assignment to the high PN and the low PN groups. Therefore, serum Cl level at baseline was identified as a predictive factor for the high PN group.
Oxaliplatin is normally administered by intravenous infusion, and it is transformed essentially by water and nucleophiles such as Cl  and 3 HC [24] . Thus, oxaliplatin, in contrast to cisplatin, should not be mixed with solutions containing chloride. The proposed princepal mechanism of action of oxaliplatin is the formation of platinum-DNA adducts, resulting in cell death [25] . Oxaliplatin degradation in aqueous media depends on the chloride concentration and the pH [24, 26] . The major biotransformation products from oxaliplatin in the presence of chloride are [Pt(1,2-diaminocyclohexyl)Cl2] (dichloro complex) and oxalate [26] . The dichloro complex has been shown to be more cytotoxic than oxaliplatin in vitro [27] . Oxaliplatin altered voltage-gated Na + channel kinetics on rat sensory neurons [28] . Grolleau et al. showed that oxaliplatin is capable of altering the voltagegated Na + channels through a pathway involving calcium Table 5 . Underlined variables show negative factors as shown in Table 5 .
ions, which are probably immobilized by the oxalate [29] . Recently, Sakurai et al. showed that oxalate is involved in oxaliplatin-induced cold hyperalgesia/allodynia but not mechanical allodynia through the chelation of Ca 2+ and Mg 2+ . However, the dichloro complex induces mechanical allodynia but not cold hyperalgesia/allodynia [30] . The degradation of oxaliplatin might be affected by the high serum Cl level, and the resulting oxalate might be involved in the incidence of peripheral neuropathy. Therefore, monitoring the serum Cl level in patients (>105 mEq/L from model equation A) might be useful in predicting peripheral neuropathy.
Conclusions
Our retrospective analysis indicates that the serum Cl level at baseline, use of a narcotic agent, BMI, status of liver metastasis, and status of lymph node metastasis are predictive factors for peripheral neuropathy associated with the administration of oxaliplatin. Our predictive model equation achieved 60.9% and 76.4% prediction rates. This equation may be useful for predicting the incidence of peripheral neuropathy in clinical practice. Understanding the patient's characteristics could be useful in predicting and preventing oxaliplatin-induced peripheral neuropathy.
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